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Abstract
Understanding crowd evacuation behavior is of utmost importance for large buildings in order to achieve efficient crowd
monitoring and management. This paper presents the simulation and analysis of crowd evacuation pattern for a large building
called Al Masjid An Nabawi, widely known as ‘the Haram,’ in Madinah, Saudi Arabia. Legion Evac software is employed
to simulate the crowd evacuation. During simulation, Legion computes various metrics that holistically reflect the crowd
evacuation pattern, which captures the crowd evacuation behavior. We analyze the magnitude and temporal variations with
respect to the general evacuation patterns (GEP) of the building. The magnitude is analyzed using the t-test, which is a
hypothesis testing method. However, the temporal variations are analyzed using cross-correlation analysis. The GEP captures
the general crowd evacuation behavior (across all sections) of the building by aggregating the evacuation patterns of each
section of the building. The crowd evacuation simulation resulted in an evacuation time of 21 min to evacuate a population
of approximately 170,000. The analysis of evacuation patterns shows that the evacuation pattern of different sections of the
building differs significantly in magnitude, but has significant temporal similarity with respect to GEP. Finally, insights are
derived from the analysis results, which aid in efficient crowd monitoring and management.
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The problem of achieving accurate and reliable representa-
tions relating to the crowd dynamics and behavioral analysis
of a system is considered as one of the main challenges in
crowd management to date. To address this challenge, crowd
monitoring and modeling techniques have been developed
with new methodologies for improving crowd movement
throughput and enhancing safety conditions during infras-
tructure design for a site of interest. For instance, computer
simulation techniques have enabled researchers to analyze
crowds and observe anticipated human behavior and move-
ment trends in order to replicate crowd behavior under
various and specific hazardous scenarios. In the related crowd
management literature, many studies were found to have
examined the collective social behavior of crowds at social
gatherings, concerts, protests, sports events and religious cer-
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